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Sukmitteal by HENRY BARCROFT, M.A., M.D.
Dunville Professor of Physiology in the Queen's University of Belfast
THE room had four windows, which could be opened, and( a wall ventilator; on
the night of the tragedly the windows were shut. The question was, suppose the
gas stove was burnintg, could the men have died from suffocation clue to insufficient
ventilation? Io answer this question the following test was devise(l. Two extra
stoves, similar pattern to that already there, were to be installed in the firewatchers'
room. 'two individuals were to enter the room in the morning; close the door and
win(lows, as they were on the night ol the accidlent, and light all three stoves. If no
signis of suffocation occurredl after eight hours it could reasonably be concludled that
suffocation could be ruled out as the cause of deatlh. It might be objected that the
test was not quite fair, because five people were in the room on the night of
2ncd December, and(i only two were to be in on the day of the test. The objection,
however, would not be valid, because the two extra stoves would use up as much
air in a given timne as thirty men. Ihe conditions of the test would therefore be
much more rigorous than those obtaining at the time of the accident.
It is necessary to say a few words about the tests to be performed by the
individuals in the room, tests to see if there was any tendency towards suffocation.
TIo understand these we must consider a little more closely the meaning of the wor(d
suffocationi in this connectioni. It woul(d cover three possibilities: (a) oxygen
starvation, due to the oxygen in the room being used up-mainly by the three stoves;
(b) carbon-dioxide poisoning, due to accumulation of this gas which would be
produced by the burning stoves, and, to a smaller extent, exhaled by the subjects.
Strictly speaking, these two-oxygen starvation and carbon-dioxide poisoning-
would be covered by the term suffocation. But there would be another possible
cause of diisaster, (c) carbon-monoxide poisoniing. I'his gas, which is deadly
poisonous, forms about 18 per cent. of Belfast coal gas. When gas is burned in
a modern pattern stove, in good order, all the carbon monoxide is destroyed in the
burning- process. Still the possibility of incomplete combustion, of carbon-
monoxide poisoning, could not be overlooked. During the test eight hours in the
room with the three stoves on, the individuals would busy themselves with tests
to see if conditions were tending towards oxygen starvation, carbon-dioxide and/or
carbon-monoxide poisoning.
1. In the first place a couple of mice would be taken into the room and examined
regularly. Mice and canaries collapse much more quickly than men in the presence
of carbon monoxide. 'Fhey are use(l to test whether the atmosphere in mines is
langerously contaminated with carbon monoxidle. If the mice collapsed in the room
then it would prove that the atmosphere was becoming dangerous to men.
2. If there was any dlanger of oxygen starvation, or of carbon-dioxidle or mon-
91oxide poisoniing, it would grow very gradually, an(1 the in(livi(luals would be ablc
to detect in themselves the early signs of poisoning.
Oxygen starvation has been studied extensively, for instance by climbers. When
gradual it causes headlache, nausea, (lizziness, mental contfusion, dimness of vision
and weakness of hearing, palpitations, muscular weakiness, increased pulse and
breathing rate, vomiting, and blueness of the face and hands.
Carbon-dioxide poisoning causes increase in the rate of breathing, a bounding
pulse, mental confusion, and a sensation of choking.
Carbon-monoxi(le poisoning really amounts to much the same thing as oxygen
starvation, because carbon monoxide prevents the blood from carrying the oxygen
from the lungs to the tissues. Hence the symptoms of carbon-monoxide poisoning
are those of oxygen starvation (with the difference that the face does not go blue).
The individuals therefore would note at regular intervals their own feelings,
normal or abnormal, their pulse, and their breathing rates.
:. As the small room was to be heated by three stoves it might become very hot,
and this might of itself cause some discomfort. It xvould be advisable to check
this regularly by measurements of room temperature.
4. At regular intervals (lurinig the eight hours in the room the air would be
analysed to see how much poorer it was getting in oxygen and how much fouler
in carbon dioxide. At the end of the eight hours samples of the air would be drawn
off into tubes and, by the kindnlness of Mr. Hyslop, Engineer and Manager of the
Belfast Corporation Gas Works, they would be analysedl by another independent
analyst. This would be a check.
5. Gas meters were installed so that the gas consumed (a) by the permanent stove
and (b) by all three stoves would be checked at regular intervals. The data would
be useful to calculate how quickly the room wvas being ventilated with fresh air.
The test, along the above lines, was carried out on Wednesday, 6th January, 1943.
Of the two individuals concerned, one was Mr. Robbins, Assistant Manager of
Belfast Gas Works, who supervised the stoves and meters; the other had charge
of the medical and chemical aspects.
The room was closed up and the stoves lighted at 9.55 a.m. It will be convenient
to refer to Table I for the results.
We now come to the inferences drawn from these tests. These are
(i) Mice.-No signs of abnormality at any time, in the room or after. No
suggestion of carbon monoxide.
(ii) Men. Subject A.-No subjective symptoms' whatever suggesting oxygen
starvation, carbon-dioxide or carbon-monoxide poisoning. Pulse did not rise
progressively, breathing did not increase in rate. Subject B.-No subjective
symptoms, or pulse or breathing changes suggestive of oxygen starvation, carbon-
dioxide or carbon-monoxi(le poisoning.
(iii) Chemlicail A?ialysis of Air. (a) Oxygen. 'I'he oxygen fell from the normnal
21 per cent. to 19.2 per cent. As regards the diminution in the pressure of the
subjects' oxygen supply, this can be altogether disregar(le(l. The diminution in the
oxygen pressure would be about the same as that one thousandl feet above sea le-vel,
92say at the top of Cavehill. (b) Carbon-dioxide at the end of the eight hours was
1.4 per cent, a high but harmless figure. The atmosphere in which workmen work
daily in breweries and aerated water factories sometimes contains 2 per Cent.
or more.
The tests on the mice and men and air have but a single meaning: i.e., they
indicate that the air in the room remained harmless. It did not suffocate in spite of
three stoves on, in spite of the fact that the two extra stoves would use up air as fast
as about thirty men, in spite of the fact that all four windows were shut.
We conclude therefere that had the stove been alight throughout the night of
2nd December suffocation could not have been the cause of death. The results of
out test are entirely in keeping with the fact that no ill-effects were observed on
the nights previous to the accident when the firewatchers slept with the stove on.
But we can push our argument a stage further. We shall show that if the room
had been closed and if one stove had been turned on but not lighted, there would
soon have been a very distinct danger of coal-gas poisoning.
Referring to the test results of 6th January (Table I), it will be seen that during
the eight hours 440 cubic feet of gas were burned by the three stoves. When gas
is burned it produces, on the average, half its own volume of carbon dioxide. That
is, the stoves emitted 440 x i=220 c.ft. carbon dioxide in eight hours. (The amount
produced by the subjects in the same time was so small in comparison that it can
be neglected). Now, the air in the room contained an average of 1.1 per cent.'
carbon dioxide (see Table I). We ca;i calculate how much air the 220 c.ft. was
1.1 per cent. of.
1.1 c.ft. of carbon dioxide are in 100 c.ft. of air
1 ,, ,, ,, 100
1.1
220 ,, ,> ,, 100 x 220=20,000 c.ft. air
1.1
But, you may say, the room had a cubic capacity of three thousand c.ft., which
is far less. True. The reason that the carbon dioxide from the stoves was
contained in such a large volume of air was that fresh air was entering and foul
air leaving the room the whole time (one change every 1 hour 20 minutes). We
know then that the stream of 220 c.ft. of carbon dioxide mixed with a total of
20,000 c.ft. of air, more or less.
Let us suppose one stove is on but unlighted. How much coal gas would enter the
room in eight hours? Referring to Table I, we see that the permanent stove
consumed 24.5 c.ft. gas in the first hour. After this the consumption fell. This
was because the stove has a thermostatic device which cuts down the gas when
it is'properly warmed up. We may then take 25 c.ft. per hour as the rate at which gas
would issue from the unlighted stove. It would pass 25 x 8 =200 c.ft. in eight hours.
This would contain eighteen per cent. carbon monoxide, that is 200 x 18=36 c.ft.
100
When the 36 c.ft carbon monoxide was mixing with the 20,000 c.ft. of air the
93mixture would contain 36 x 100=0.18, say, to the nearest place of decimals, 0.2
20,000
per cent carbon monoxide, less or more.
What effect would 0.2 per cent. carbon monoxide have on human beings?
AUTHORITY. STATEMENT.
Sollman. Manual of Pharmacology. 0.2-0.4 per cent. is generally fatal.
British Encyclopcdia of Medical 0,07 per cent. will cause uncon-
Practice. sciousness.
Leschke, Clinical Toxicology. 0.1 per cent. produces unconsciousness
and acts fatally in a few hours.
Hefter. German Pharmacology. 0.2-0.35 per cent. probably fatal.
Haldane, J. (1895). Journal of Breathed 0.21 per cent. for 71 minutes,
Physiology. 18/431. the results are given in full below
After 16 min. Pulse 91. No symptoms.
,, 20 ,, 17 per cent. of the blood saturated.
34 ,, Very slight feeling of fulness and throbbing in the head.
37 ,, Fulness and throbbing more distinct. Saturation 39 per cent.
43 ,, Feeling decidedly "abnormal." Slight increase in breathing and
marked throbbing.
54 ,, Feeling very decidedly abnormal. Vision seems not so good.
Slight feeling of giddiness.
59 ,, Increased breathing more distinct. Beginning to look pale and
yellowish and "as if ill."
,, 61 ,, Saturation 44.5 per cent.
,, 63 ,, Feel worse shortly after making any movement in my chair.
65 ,, Marked increase in breathing and slight confusion of mind.
,, 71 ,, Saturation 49 per cent. Stopped experiment. Vision dim. Limbs
weak. Had some difficulty in getting up or walking without
assistance; movements very uncertain.
From these observations, Your Worship, we conclude that if, on the morning of
6th January one stove had been turned on but not lighted, the air would have been
sufficiently poisoned with carbon monoxide to cause very serious effects in a few
hours. We conclude that the tragedy on the night of 2nd December could have
been caused by coal-gas poisoning.
In answer to a question from His Worship regarding the likelihood of similar
ventilation conditions on the night of the accident and on the day of the test, the
witness replied that the Air Officer Commanding, Northern Ireland, had kindly
permitted the release of the following weather information.
DATE WIND DIRECTION MEAN SPEED MIN. TEMPERATURE
2nd Dec., 1942 (night) Calm or light northerly 30.050F
6th Jan., 1943 (day) North-east 15 m.p.h. 44.0°F.
The weather data were obtained a short distance from the city and in the open,
and conditions in a built-up area some way removed would differ. On both
occasions the weather was quiet generally, and there was no reason to think that
the ventilating conditions would have been very different.
944)
ct
4)
cir
co -
4)$
cn
4
co
0-J
F-4